Introduction: Changes in physician reimbursement policies may hinder the collection of billing claims in administrative data; this can result in biased estimates of disease prevalence and incidence. However, the magnitude of data loss is largely unknown. The purpose of this study was to estimate completeness of capture of disease cases for Manitoba physicians paid by fee-for-service (FFS) and non-fee-for-service (NFFS) methods.
Introduction
Electronic administrative health data are used extensively in Canada and internationally to conduct population-based chronic disease research and surveillance. 1, 2 These data are popular for several reasons: they are timely; they contain information about numerous individuals; and they are relatively inexpensive to access and use. Electronic physician claims data, which capture billing records or claims for outpatient physician contacts with patients, are a rich resource for research and surveillance because the vast majority of people with a chronic disease will maintain regular contact with a physician for disease management and treatment.
However, the quality of administrative health data available for research and
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Physician claims data are useful for research into and surveillance of the health of Canadians.
More doctors are being paid in different ways, and many are moving from fee-for-service (FFS) payment to non-fee-for-service (NFFS) payment. Physician claims data may miss information on patient contacts from physicians receiving NFFS payments. We used population-based diabetes prescription drug records to estimate the completeness of physician claims in Manitoba. 14.9% of people with a diabetes prescription from an FFS doctor did not have a diabetes diagnosis for 2 years before and 2 years after getting the prescription. 18 .7% of people with a diabetes prescription from a NFFS physician did not have a diabetes diagnosis for 2 years before and 2 years after getting the prescription. The loss of data due to missed claims is probably small. However, this loss of data means disease incidence is underestimated.
surveillance has been questioned, resulting in a number of studies on this topic. Most of these studies have examined the validity of diagnostic information [3] [4] [5] [6] even though multiple aspects of quality must be assessed to ensure the data are fit for research and surveillance purposes. For example, complete capture of the population is essential to ensure unbiased research and surveillance results. Gaps in completeness can result in estimation problems similar to those encountered with non-response bias in survey data. 7 The information in physician claims data is used to remunerate physicians on a fee-forservice (FFS) basis for the services they provide to patients. Non-FFS (NFFS) physicians, who are paid by salary or contract, often use a shadow-billing claims submission process in which they submit parallel claims. However, this process does not always consistently capture information on service encounters. A 2009 study reported underestimation of diabetes incidence due to incomplete capture of shadow-billed claims in Ontario. 8 However, it is not known how widespread this problem is. As national and international health care systems increasingly adopt new models for primary care service delivery and move physicians onto alternate payment plans, the comprehensive capture of physician encounter data is threatened. 9 The purpose of our study was to estimate completeness of capture of chronic disease cases associated with missed NFFS physician shadow-billed claims in administrative health data. The specific focus of this study is diabetes because diagnosis codes in administrative data have demonstrated good sensitivity and specificity for diabetes case ascertainment and diabetes surveillance using electronic administrative data is of interest worldwide. 5 
Method

Data sources
We used data from the province of Manitoba, which has a population of approximately 1. Manitoba's administrative health data have been extensively used in chronic disease research and surveillance studies. [10] [11] [12] Ethics approval was received from the Manitoba Health Research Ethics Board and permission to access the study data was provided by the Manitoba Health Information Privacy Committee.
Study cohort
We identified a cohort of incident adult diabetes cases from prescription drug records, which have demonstrated excellent sensitivity for diabetes case ascertainment. 13 The cohort inclusion criteria were (1) The prescriber identification number associated with the index diabetes medication prescription was anonymously linked to the corresponding number in the provider registry to determine physician payment method (i.e. FFS, NFFS). Individuals were excluded if the payment method of the provider who made the index prescription was not recorded in the registry. The cohort members were stratified into two mutually exclusive groups: (1) individuals with an index prescription from an FFS physician, and (2) individuals with an index prescription from a NFFS physician.
Study variables
Diabetes diagnoses in administrative data were identified using the Canadian Chronic Disease Surveillance System (CCDSS) diabetes case definition, which requires one hospitalization or two physician billing claims with an ICD-9 code of 250.00 or ICD-10-CA code of E10-E14 within a twoyear period. 4, 14 The diabetes diagnosis date was the date on which a diagnosis was recorded in hospital records or the date of the first diagnosis in physician billing claims. Cohort members who met the case definition requirements anywhere in the period that extended from two years before the index prescription date to two years after the index prescription date were classified as captured cases. All other cohort members were classified as missed cases.
The cohort was characterized in terms of its sociodemographic characteristics, including age group, sex, income quintile, and health region of residence. Age group was categorized as less than 65 years and 65 years and above. Income quintile was an area-level measure based on average household income from the Statistics Canada Census. Every individual's postal code extracted from the population registry was assigned to a dissemination area (DA), the smallest geographic unit for which census data are reported. The Manitoba population was then divided into five roughly equal groups according to the DA average household income; 15 this was done separately for urban and rural populations. Health region of residence was classified as Winnipeg and non-Winnipeg. The latter encompasses four rural health regions: Interlake-Eastern, Northern, Prairie Mountain, and Southern Health-Santé Sud. First Nations reserves are primarily located outside of the Winnipeg health region. All sociodemographic characteristics were measured at the index prescription date.
Because patients with more advanced diabetes (i.e. greater comorbidity) were more likely to be detected by the CCDSS case definition, 8 we investigated the prevalence of selected cardiovascular comorbid conditions in the cohort using diagnoses in hospital discharge abstracts. These conditions included hypertension (ICD-10-CA I10-I13, I15), congestive heart failure (ICD-10-CA I50), acute coronary syndromes (ICD-10-CA I21, I22, I23, I24.9, I20.0, I20.1), cerebrovascular disease (i.e. stroke: ICD-10-CA I60, I61, I63, I64) and atrial fibrillation (ICD-10-CA I48). However, given that the frequencies were quite small for some conditions, we classified them as ''hypertension only'' and ''all cardiovascular comorbid conditions.''
The physicians who prescribed diabetes medications for study cohort members were characterized by sex, age group (o 35 years, 35-60 years, or Z 61 years), health region of practice (Winnipeg vs non-Winnipeg), and specialty (specialist vs general practitioner). All physician characteristics were measured at the index prescription date.
Statistical analyses
We described the study cohort and their prescribing physicians using frequencies and percentages. A w 2 statistic was used to test for differences in characteristics between the FFS and NFFS groups. We estimated the percentage of cohort members with a missing diabetes diagnosis; this was done for the entire cohort, as well as stratified by age group.
We estimated the crude diabetes incidence rate for the adult (Z 20 years) Manitoba population in the period from 2007/8 to 2008/ 09 using the CCDSS case definition. The total adult registered population from the Manitoba population registry comprised the denominator. We calculated the observed rate, as well as rates adjusted for missed cases.
All analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Cohort members with a missed diagnosis who had their index prescription from a NFFS physician were more likely to be male, non-Winnipeg residents, and in the lowest rural income quintiles than those who received their prescription from an FFS physician (p o .001; Table 4 ).
Of the cohort members who had their index prescription from an FFS physician, those whose diagnosis was captured in administrative data were more likely to be hospitalized for cardiovascular comorbid diseases than those whose diagnosis was missed (p o .001; Table 5 ). Similarly, those of the NFFS cohort whose diagnosis was captured were more likely to be hospitalized for cardiovascular comorbid diseases than those whose diagnosis was missed (p o .001).
Based on the CCDSS case definition for diabetes, 12 877 newly diagnosed adult (Z 20 years) cases of diabetes were identified in Manitoba during fiscal years 2007/08 to 2008/09. This resulted in a crude observed incidence rate of 1.6 % (Figure 1 ). However, when this observed rate was adjusted for missed cases from NFFS physicians, the rate increased to 1.7%, and when it was further adjusted for missed cases from both FFS and NFFS physicians, it increased to 1.9%.
Discussion
Overall, compared to FFS physicians, fewer NFFS physicians prescribed diabetes medications in Manitoba during the study time period, and the two groups of physicians differed in age, specialty and health region of practice. A greater percentage of NFFS physicians practised in non-Winnipeg health regions than in the Winnipeg health region, probably because provincial programs providing physicians with alternative payment options to encourage them to work in rural and remote parts of the province.
When we used prescription drug records as the reference data source, we found incomplete diabetes diagnosis information for cohort members seen by both FFS and NFFS physicians, although NFFS physicians missed a greater percentage of diagnoses. Potential sources of missing diagnostic information include misclassification bias due to less-than-perfect sensitivity of diagnosis information and missing data bias due to few NFFS physicians shadow billing. Assuming that the sensitivity of diabetes diagnoses is the same for both FFS and NFFS physicians, the results suggest that 3.8% of physician billing claims were missing in Manitoba due to a lack of shadow billing. There were differences in the percentage of missed cases by age group for both FFS and NFFS physicians, suggesting that the sensitivity of ascertainment is different for younger and older cohort members.
An earlier study conducted using Ontario's physician claims data, 8 reported that 23.7%
of diabetes diagnoses were missing from NFFS physician billing claims; we found 18.7% missing diagnoses in the NFFS physician billing claims in Manitoba. The Ontario study focussed exclusively on examining diagnoses missing by NFFS physicians, while our study compared FFS and NFFS physicians. Inclusion of FFS physicians allows for investigation about the effects of shadow billing on the proportion of missed diabetes diagnosis information in physician billing claims. The Ontario study also used varying follow-up periods to capture diabetes diagnosis before and after the diabetes prescription date, up to a maximum of nine years. In addition, unlike the Ontario study, which focussed only on the older population (i.e. Z 65 years), we included all individuals 20 years and older and investigated missing data in both younger and older age groups. We found a higher percentage of missed diagnoses in the younger age group than the older age group, an expected finding because older people are more likely to have a higher disease burden and therefore be hospitalized or have regular contact with a primary care physician.
Given that this study has demonstrated data loss associated with a lack of shadow billing by NFFS physicians, it is important to consider strategies for adjusting prevalence and incidence estimates for possible underestimation. One strategy is to use other population-based data such as electronic medical records, which are increasingly being adopted in population-based chronic disease research and surveillance studies, 17 and prescription drugs data sources to supplement physician claims records for disease surveillance. For example, based on the CCDSS case definition, we estimated a 1.6% crude diabetes incidence rate in the Manitoba population aged 20 years and over during the study period. However, when cases identified in the prescription drugs data were used to adjust for underestimation, the incidence rate increased to 1.9%.
Alternatively, simulation studies and predictive modelling could be used to produce adjusted estimates of disease prevalence, as has been done in previous research. 18, 19 Specifically, we found that both patient and physician characteristics differed significantly between the FFS and NFFS groups. Also, we found that the presence of comorbid cardiovascular conditions was associated with whether a patient's diabetes diagnosis was captured by the CCDSS case definition. These factors could Abbreviations: FFS, fee-for-service; NFFS, non-fee-for-service.
Notes: Cases were classified as captured or missed based on the presence/absence of a diabetes diagnosis in physician billing claims and hospital discharge abstracts. Age group without asterisks indicates no statistically significant difference between the FFS and NFFS groups. be included in predictive models to estimate disease prevalence. In a recent study, 20 we included physician characteristics in predictive models to adjust for underestimation of diabetes prevalence due to a loss of physician claims.
Strengths and limitations
Our study has some limitations. First, physicians were classified as either FFS or NFFS, but some physicians may receive both types of remunerations at the same time or change from one method to another. Given that we only used two fiscal years of diabetes prescription information, the possibility of physicians switching payment method during the study period is likely to be minimal, but the Manitoba provider registry does not allow us to make a clear distinction between physicians who may be receiving both types of remuneration.
Second, the results may be sensitive to the definitions used to ascertain missed and non-missed cases. We examined the twoyear period pre-or post-index prescription date; this period was chosen to align with the CCDSS diabetes case definition from administrative health data. While it is possible that individuals without diabetes might receive a prescription for a diabetes drug, this is unlikely; previous research has shown excellent specificity and sensitivity of prescription drug records for diabetes case ascertainment. 13 Lastly, diabetes patients treated with lifestyle modification only would not be captured in prescription drug data. However, this represents a general problem of underestimation of any chronic condition treated with only lifestyle modification when using administrative data to estimate prevalence or incidence.
Conclusions
In this study, we adopted a populationbased approach to assess the completeness of physician claims data for chronic disease studies. We relied on prescription drug data to evaluate completeness; this source is known to be sensitive for ascertaining diabetes cases. 13 Our study showed that the loss of data due to missed shadow-billed claims is small. At the same time, this loss of data contributes to an underestimation of disease incidence. The method we used can be readily applied over time and to data from other provinces or territories. The results obtained for diabetes could be compared to the results obtained for other chronic conditions to assess consistency of conclusions about data completeness. Abbreviations: FFS, fee-for-service; NFFS, non-fee-for-service.
a Cardiovascular disease included congestive heart failure, hypertension, acute coronary syndromes, cerebrovascular disease (stroke) and atrial fibrillation.
**p o .001.
FIGURE 1
Crude diabetes incidence (%) for the Manitoba adult (20+ years) population, 2007/08-2008/09 Abbreviations: FFS, fee-for-service; NFFS, non-fee-for-service.
